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Abstract

Interval-valued intuitionistic fuzzy set can describe the uncertainty problem well and is widely
used in decision-making problems. Interval intuitionistic fuzzy entropy is an important tool in the
theory of interval intuitionistic fuzzy sets, which can measure the degree of ambiguity of a fuzzy
set, and can be used to determine attribute weights or make decisions directly in decision-making
problems. The existing interval-valued intuitionistic fuzzy entropy has some defects, some of
which are counterintuitive, some of which only meet certain axiomatic requirements, and some of
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which are too complex. In order to overcome the shortcomings of the existing interval-valued in-
tuitionistic fuzzy entropy, this paper proposes a new interval-valued intuitionistic fuzzy entropy,
which proves that it satisfies the axiomatic definition and obtains some inferences. Finally, an
example is compared with some existing interval intuitionistic fuzzy entropy, which illustrates the
effectiveness and superiority of the new interval-valued intuitionistic fuzzy entropy in application.

Keywords

Interval-Valued Intuitionistic Fuzzy Set, Entropy

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

N T RIEIIEF AT EME R, EEY Y Zadeh [1J3RH T B4 (Fuzzy set, FS)FEiE, fRERME
BT TIZ MO N T R 0% B U SR TA R E MRS S, Atanassov [2PH DRI SEHE T B T B BRI AR AT,
At g ST S B R BN A SR 8 FE e, R AN JC R AE[O, L] IRRIRAE, 43 IR TC 3R AR A
MJE T AR TRERE . SR, B SRR SRR AL BRSO (5 B AP AE — 2R 2 o Bl % 58 e T AR 5K 1
JRE, XF—oRE TR T REEA G — MEM B KM . T2, Atanassov #l Gargov [3]
£ 1989 444 B WSO AN X [ (B BRI AR 4 it ok, $R M T X IAME EL W ORI SR IOMES: . AN SO 3 R SOR 42
(55 AN R SR R FE AN P — MR A I B, T — N[0, 112 TR X ] . 24— IX [ AR 4 1 SR S P
AR B 0 A A X R AR SR, BB T — DN E B . B35, Atanassov [4] XA H T IX R B 5
BRI £ (1) — Le BE Rl PR 07 RS S o A X R A B O BRI AR 4R, W51 TR BRI A X B AT A
BT X [ P D AR A 7E R A BASOR (5 2. 07 T o Lk, )32 B FH TSR 2800y Bl BeyT
SWr, IR, BRRERET.

SO0 FE SR BN AR B T ) — N EE B, TR ORI AR ORI T T A R AFIR L. 1968 4,
Zadeh [5]H T ARG AOMES , E4235 DelLuca A1 Termini [6]F 1972 SRR 1 38 ~F (1 A FEAL E Lo
WG BRI EE 14, Burillo F1 Bustince [7]4E 1996 4EH X 51N T BRI RS INES IR 3] 1) Z KK RE .
Szmidt 1 Kacprzyk [8]7F 2001 “E$¢ i T X T E BB AR e R HT TY . NTHEEXEEE
DOBORIER DRI E , Liu 55 A [9]T 2005 4F & k32 H 1 IX [AME B O BORTE 00 A BAL E OHEMIE T — A48
f16 DX 1L L S A 48 BR 5. 3 X6 DelLuca AT Termini BT AR5 ) A BRAL 5 SGEEATHET, Zhang Z5 A [10]
PR 7 IX [AME B BRI KRS, JERE T AR A BESE, Gao A Wei [11]. Jin 58 A[12]
SRR I T 22 Al DX TR FL D SR

2N, WL N mEER, e n AR RAE B ERE, 0T DU TSR . Zhang
S N[L314H 7 X [AI{E B S BRI 22 SO, R 18 T AT IFE B xR I Rl He SRR RS2 - Chen 258 A [14146038 T
DX TR FEL D SR B4 R0 B2 B Tk I E I . [RI4F,  Ye [L5]R A IX TR B AR 05 72 S T 7
IIBCAE DG R4, Re8 A 3R SAUEE R (1 22 J& PO e SR 1) . Wei 28 A\ [16]4ES H 17 X [A){F B ORI 20
BN ) SO RE , 37 06 DX TR T b ASTR 495 0 B2 2 X Szmidt A1 Kacprzyk.Wang A1 Lei [17]EA & Huang [18]
$& H ) B ORI AHE T, B T R DX TR B ORI s )0 1 3 P DX TR B e SRR B RS , 4 T
FEF 307 10 [X AP L MR AR DL RE 1) 22 S Mk e 35 735 o Ohlan 25 A [191 FH X I T AR SR A i 32 1 T — Rl i)
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J SR X TRVEL B GE A6, 83X L T A 00 PS8 SE N A RN SR . L [20070) F i e er ek 7T 1 IX
(AL L0 AR A5 RO AT ER G I 2, Bt 13 RO 2 A0 B B 00 8 DA — T T IS e N vy 2
HEN R 3R T %0 Li [21]38 B 7 — Mk T 3 BORE 0 IX T B B SE S MO SR R 7 i, BT R AL X
W2 mE R P .

A D) 15 DX 8] (B L AR 998 PO AR S SCRRAMIRIE FEIS BT A BILBILAE 1) X ) L i SR 09 A7 7 — LR Bk,
WL B, AR E R, Rk, ASCRE TR0 a0 X I B SO, 30E 1 e
SR DX TR L AR AR (0 8 BEA RE S0, AR X SLREAT TR T e, DA, LA spl, RIS
— LB HLAE A X TAVE B RBER HEAT LU, U B DB P A A R

2. mEHER

B 1 [RZRE N EEERES, A A ={<z,muA(z)>|zeZ}x’%ZLE‘J*’I‘*ﬁ*’uﬁﬁ(Fuzzy set, FS),
u; (2) g z 0E TS A RIRIE . b mu, ( ):Z—-[01], WEMERzeZ, 0<mu,(z)<1.
RN 2[2JRZ R AEEHIES, WA A={(z.mu; (2).mo, (2))|2€ 2} R Z LA ELIEHIRI%
(Intuitionistic fuzzy set, IFS), mu, (z) fl mo, (z) M fig z % T &4 A 10 F )8 R AR 8 2. Hop
mu, (2):Z >[01], mo,(z):Z->[01], WENERzeZ, 0<mu,(z)+mo;(2)<L. X Z PfERE—A
IFSA, Fimz, (z)=1-mu, (2)-mo, (2)H 2 %t T4 A IR,
X 3[3]B Z R MEEHRES, B ﬂ:{<z,mu/&(z),muﬁ(z)>|z E Z}%Z ER A X TRME
B R #) 4E (Interval-valued intuitionistic fuzzy set, IVIFS), muA(z)=[muﬁL(z),mu2\R(z)} ,
mu, (2) =[ Moy, (2). Moy, (2)] €[0.1] 5 BImif 2 3t T4 2 A IR FAERIRIE. AHEZ 2eZ, W2
0<mug, (2)+mo,, (z)<1. Rl mu, (z)=mu, (z), mo, (z)=mo,, (), IVIFS A SBAL N B Sk
W Bl ma, (2) = [1-muj, (2)-moy, (2).1-muy (2)-mog (2) ]| Ml z 3T ARIRIE.
EX 41418 A={(z[mu, (2).mu,, (2)].[mo,, (2).mo,, (2) ]}z <2} o
19
u

)] [moy (2
B= {( [mu ()mu ()] [mu (2):mug, (2) )|z € Z[ P WIFS, T2
(2).mu, (2) )22}

E v ( (z)].[muy,

G) A+B=1{( |mug, (z)+mug (z)-mu(z)-mu(z) lzez
[muAL(z) muBL(z),muAR(z) muBR(z)]
o z,[muAL(z) mug, (2),mu,, (2) muBR(z)],

(6) A-B= {muAL(z)+mu§L(z)—muAAL(z) mugL(z)} lzez
mo;, (2)+mo,, (2)-mo, (2)-mo, (2)
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5B 5 [21] AR EL & WIFS (Z) — [0, 1] A X TF) B FEL 3 A SR RO A 2 SR8 2 LA 2% A

(1) &(A)=0 % HALY A RN

(E2) *HfTf 7 ez, &(A)=1HHLE][mu; (z)muy (z)]=[mo, (z).mo (2)]:

(E3) £(A)=¢(A

(E4) WMEE z €Z, %4 AcBR, muy (z)<m ()Hmu(msm@()&

B AR, muy (z)2mo, (z) Hmug (z)2moy (z). #6 &(A)<£(B), WA E(A) N vIFS A
PR
3. FTHYXEME B A=tk

31 BH=:

1998 4, Borland 55 A\ [22]5E X T —4> a BYIHERHRS, Wik
B A0 ={n=(nn e, )[S7 0 =L R AR, B, R MR A

_ n'a (l_ n'lia) _ nl _nla
B _kZ‘ (1-a) _kZ‘ a-1"
£ 2019 4, Singh I Sharma [23]44 Borland HfiHE ™ 51 T #ORIHL R R3] T — Mo H (A)
H* (A) :%é[mu/1 (7 )(1—mu‘; (z ))]+[(l— mu, (z; ))(l—(l— mu, (z; ))a )};a #0,

Hofr A 2—4~FS.
F] 2021 4, Singh A Sharma [24] X H %I E— 0 HE 2 7 BB F, 153 — N E
et 2 (A) -

ﬂ(M:%ENMALXmeﬂ4»+mh@J@—m€&w

i=1

—mu, (2,)(1-mo? (z,))-mo, (z,)(1-mu? (2))+1, )

Hr A Z—/IFS,
22 Singh F1 Sharma 7775, FATIGAE X TRE B 50 ORI PR 858 A o2 0@ 0 B gk — 2D #E)

3.2. HEIKE R HIERA

B, ()X HEAT A AT 3
l n

(A) =—21 (mu;\(zi )—mUA(Zi))(mUZ (z)-mof (2 )) @

niz
P4 Q)3 b B LSRN o (A) He B i A SEBEBIAE T, A 5) TR
(@p) (R :1 L H(mUZ\L(Zi)7mUAL(Zi))(mU§L(Zi)fmvi(zi))
: (A) nizﬂ:l +(1*‘9)(m“7m(Zi)*mugﬂ(Zi))(m“fﬂ(zi)*mvﬁ;(li)) &)

a>0,4>0,0e(01).

Heft AR— IVIFS,
SEHE LY A S A IVIFS, AR 3)3 i &) (A) R 2t X 6] {8 1 550
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TR YoilE £ (A) R A5 UG TN H I EL-E4).
(D) 24 A={z,([L1],[0.0])[z e 2} sc# A={z,([0.0].[L1])z eZ} . di(@)strr3 &/ (A)=0.
b gl '”>(A)=oaﬁ, MEEz eZ, B
li e(mu/&l_(zi)_mufxl_(Zi))(mugL(Zi)_mUZL(Zi))+
i (1_‘9)(muAR(Zi)_mU/AAR(Zi))(mugR(zi)_mufR(zi))

0(muy (z)-moy (z))(mug, (z)-mog (z))+

(1-0)(mu, (z) Moy, (2 ))(muﬁ ( )-mof (2))=1
(muy, (z)—moy (z))(mus, ( (z))=1 (4
(muy, (z)-mo, (2 ))(muﬁ z)):l (5)

WANa>0, >0, BfE@~5)Mr, MiHEEz ez,
[mug, (z;).mug, (2)]=[0.0].[moy (z).muy, (z)]=[11],

B
[muAL (zi)mug, (7 )] = [1'1]'[m‘)/&L (z).mog, (7 )] =[0,0] -
TR g(a, (A):O i ([muz\L(zi),muAR(zi)][muh(zi),mum(zi)]>=([1,1],[0,0]) B

([mus, (), muge (2)]. [y (2).mus, (2)]) =([0.0].[11]) - EDFAE.
(E2) 1%@& AR WIFS A RIRIERAERIRIE, hE@)Rm & P (A)

e £ ) (A)=1, MLM{ERz €2, A
13, H(mu;L(zi)—muﬁL(zi))(muZ\L(zi)—mugL(zi))Jr

1.

g (1-0)(muy, (z)—moy, (z))(muZ, (z)-mos (z))

o{ms (2,) o, (), (2) - <z )
(1-0){ (1)1 (3 ))(muﬂ ol (2))-0°
(mug (z)-moy, (z))(mug (z)-mog (z))=0.
))(muﬁ' )-mok (z))=0.

)-
(mug, (z)-mos, (2,
o [m”m(zi)’mufm(zi)]z[mUAL(Zi)’mUAR(i)] - TR g )(A):l = H =
[muz\L(zi),mui\R(zi)]:[muZ\L(zi), vs. (2 )] (E2)fHiIE.
(E3) HiZE X (4)rI%n

A ={<zi,[muh(zi),muAR(zi )J,[muZ\L(zi),muZ\R(zi )J>|zI eZ} .
NRNa>0, >0, B

(muy, (z)-moy (2 ))
)

A
(
izt e (B)=ge (K.
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(E4) ¥ AFIB ZIA IVIFS, 2 Ac B, 5 X @)iTHE
Uj (7)< mug

mu;, (z)<mug (z),m (z).mo, (z)2mo, (7)., mu;, (7)) 2 Mo, (7)) -

LLES muéL (Zi ) < mUéL (Zi )’ muéR (Zi ) < mUéR (Zi) H mu/iL (Zl ) = mu@L (Zl ) = mUBL (Zl ) < mUAL (ZI)
mu; (z) <mug, (z) <mog, (z) <mo, (7). AR
(muAL(zl)—muAL(zi ))(mu/i:L(zi)—muA‘fL(zi ))2(muBL(zl)—mUBL(zi ))(mugL(z,)—muBL(zI )) (6)
) Z\R(Zi))(mufR(zi)_mUAﬂR(Zi))z(muBR(Z|)_mUBR(ZI))(mugR(ZI)_mUﬂ (Z,)) ()

OB, % BcA K, B omuy (z)2mo (z) , mug(z)zmog(z) o # oW
> i (2)2mo, () 2mo, (7)) - 25K, (6~7)R

G, MIEz ez, , % AcBH, mu, (z)<mog () B mug, (z)< muA(.)jzélﬁgAEff,
mu, (z)>mo, (z, )Hm (z)zmo (z), #H E(A)<&(B). EHEHE.
h R A, S >(A)%—Aﬁxﬁzaﬁmma LRI
PR, FRATTRE T 0 DX TR E B0 B R el — L, R B L0 2 DA 2% A
B2 WA B RENEZ ={z,,2,,-,2,} PIIFA WIFS, I
A:{<zi,[mulL(zi),mu2\R(zi)],[muz\L(zi),muAR( )z ez}
§={<Zi'[ngL(Zi)'ngR(Zi )],[muéL(zi),muA (z )J>|zI eZ} ,
%EWE%LEZ%%AQ@&AQQ,wam@u®+ﬁmmﬂm®:5“m@%5“m@%
T BN Z Rz, Z, B zlz{ziez:ﬁgé}, zzz{ziez;/&;é}, H s X (8) T4,

Rz e, H
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4. KT MBIMERIELBL T #

N BEEF AT LU A, JRATBIZE 1A JUAS X TAME B SE AR o
4.1 —EIFHE

(1) Wei 5 A [21]3 H 0 X [A) 4B FL 00 ASOR I -

1 min{muAL (z).mo; (7 )}+min{mu2\R (z),mo,, (7 )}+m7r/&L (z:)+mz, (7)

niz max{mu/iL(zi),mu/iL(zi )}eralx{mufm(z.),muﬁR(zi )}+m”2\L(Z')+m”2\R(Z') ’

(2) Zhang 55 \[25]4 H ) IX [A]{E B 5 AR 6 -
~ 1
a(A)-1-£3

i=1

& (A)

1 1 1
mug, (Zi )_E + MUz, (Zi)_E Mo, (Zi)_E

(3) Zhao Al Mao [26]# i ) X [AJ{H B 5 SR 6 -

mz,, (z)+mz;, (7))
2

. |mu/1L (z)- mo, (z )| +|mu2\R (z )—mu7AR (z )|

In2

2
- |mu7&L(zi)—muAL(zi )|+|mu7\R (z)—moy, (7 )|
2

j{|mu2\L (2))—moy, ()| +[mus, (z)—mo,, (2)) +l}

2

In{z/['muf* (z)—mo, (z)|+|mug, (z)-mo,, (2) +1H
2

(4) Tiwari %5 N [27]32 H H X [8)4E B 50 AR 0 -
& (A) =

o r
2n(2H etz —1)

[m”zm(zi)u—mu&(zi)]a ettt
e
2

1-mug, (z)+mog (z))"

1-mug (z)+moy () ) el'[f]

+

mu (z)+1-mo, (z))" 1{%]

e
2

1-mu,, (Zi)+mU;R (z)
2

O<a<2
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FEJa SO TAE TSR AT, 2 S o =1,
(5) Ohlan % A [19]47 H1 i) X 1A]{E B 5 AR 4 -

o (A) =
muAL (Zi )+ muAR (Zi )+ 2— mUAL (Zi ) _ mUAR (Zi ) el,[mu,&L(Zi )+mUAR(Zi )+‘217mU;L(Zi)7mUAR(Zi)]
1 ¢ 4
n(\/g_l) = (1 muz (Zi ) + MUz (Zi )+ 2- Mua (Zi )_ MUz (Zi )J Ma B el )+i7muﬁL(Zi)imUAR(Zi) 1
+1- e -
4

4.2. XEHILLBISHHT

4.2.1. WRIEFAHLEB

MAL TR UIMRE N, B &, &« & MRIBBAAREE R, Hhad rin. . 3. k. 5.
B I EEREE, AMETIHE ﬁ&ﬁﬁﬁ%%%ﬁﬁﬁ&ﬁﬁﬁ,nﬁﬁTm s e ERAIRIE
S THESE N R

4.2.2. W EBRIEMEEME S EOLB S
FEATTNES, BATEDS DL fl 78K 4.1 5 RS20 HT 0 BLEH R EHEAT BB M, SN
BT FFD R 7 R I 40 A0 R A BT RO D 55
Bl 1 en i FIXAME B4R O, THEEHLS .
={(2,[01,0.2],[0.3,04],[0.4,0.5])|ze Z} ,

0, ={(2,[02,06],[0.1,0.3],[0.1,0.7])|z€ 2} ,
0, ={(2,[04,06],[0.1,03],[0.1,05])[z e Z} .
O, ={(2,[0.45,0.55],[0.15,0.25],[0.2,0.4])|z « Z} ,

O,

{(2[0.2,03],[0.4,0.7],[0,02])|z € Z} .
O, ={(2,[04,05],[0,03],[0.2,0.6])|z € Z} .
0, ={(2,[0.1,0.3],[05,06],[0.1,04])|z € Z} ,
0, ={(2,[0.3,05],[0.1,0.4],[0.1,06])|z€ Z} -
FATE 4.1 5828 ) X TAME BB 70 B AT VAR, TH SRR RAE R 1 b A IX R
i BB AT TH R 1 45 %%ﬁﬁﬁ2¢oﬁ¢%%%%§ﬁ0=%

Table 1. Values of the exiting entropy measures

=1 HEBITEER

0, 0, O3 0O, Os O¢ O, Og
Swz 0.75 0.75 0.625 0.625 0.5384 0.6470 0.5625 0.8
& 0.5 0.5 0.6 0.65 0.6 0.6 0.65 0.65
Eom 0.4349 0.4099 0.2934 0.2934 0.1934 0.3434 0.2427 0.4288
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& 0.9618 0.9522 0.9139 0.9139 0.9041 0.9041 0.8801 0.9761
%o 0.9618 0.9618 0.9319 0.9319 0.9139 0.9139 0.9785 0.9785

Table 2. Values of the proposed entropy at different « and g
2. REAVEEAE o F1 5 HHEL

a=p 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
O, 0.9847 0.9737 0.9662 0.9612 0.9583 0.9569 0.9567 0.9572
o, 0.9877 0.9778 0.97 0.964 0.9594 0.9559 0.9534 0.9517
(O 0.9727 0.9522 0.9371 0.9261 0.9185 0.9136 0.9106 0.9092
o, 0.9749 0.9554 0.9404 0.9293 0.9212 0.9157 0.9121 0.9102
O, 0.9782 0.9602 0.9454 0.9334 0.9237 0.916 0.91 0.9055
(OR 0.8129 0.825 0.8365 0.8474 0.8576 0.8672 0.8762 0.8846
o, 0.9627 0.9345 0.9136 0.8984 0.8878 0.8807 0.8765 0.8744
G, 0.9897 0.9826 0.9778 0.9748 0.9731 0.9724 0.9725 0.9729

a=p 1 2 3 4 5 6 7 8
0} 0.96 0.98 0.9918 0.9968 0.99877 0.9995 0.9998 0.9999
0, 0.95 0.958 0.9713 0.9817 0.98869 0.9931 0.9958 0.9975
O, 0.92 0.937 0.9622 0.9779 0.98717 0.9925 0.9956 0.9974
0, 0.91 0.935 0.9642 0.9808 0.98984 0.9946 0.9972 0.9985
O, 0.9 0.908 0.9312 0.9512 0.96588 0.9762 0.9834 0.9984
O, 0.88 0.952 0.9774 0.9894 0.99507 0.9977 0.9989 0.9995
o, 0.875 0.9115 0.9469 0.9693 0.98246 0.9899 0.9943 0.9967
O, 0.975 0.9875 0.9944 0.9974 0.99871 0.9994 0.9999 0.9998

=01 a=0.3 a=0.3 a=0.6 a=0.6 =09 a=3 a=9

£=0.3 £=01 £=0.6 £=0.3 £=0.9 £=06 £=9 £=3
O, 0.9765 0.9743 0.9608 0.9623 0.9562 0.9591 0.9974 0.9944
o, 0.9729 0.9847 0.9566 0.9694 0.9496 0.9569 0.9981 0.9716
(O 0.9581 0.9517 0.9237 0.9269 0.9072 0.9156 0.9890 0.9715
0, 0.9592 0.9561 0.9274 0.9287 0.9106 0.9146 0.9861 0.9773
O, 0.9536 0.9701 0.9214 0.9400 0.9029 0.9153 0.9863 0.9368
(OR 0.8059 0.8434 0.8307 8730 0.8648 0.8949 0.9870 0.9901
O, 0.9481 0.9282 0.9002 0.8941 0.8743 0.8804 0.9737 0.9713
G, 0.9881 0.9794 0.9763 0.9739 0.9717 0.9746 0.9973 0.9969

JrHrEe 1 AT LA S T 4

FTHE, o &y (0) =& (0,)s & (0) =&y (0,)s EATLIA MK O, ., IBEHIEE, {HIETEX S
0,50,, 0,50,-
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Table 3. The entropy at different values of o =
3. B o = pRTRUITEER

a= 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

G, 0.966 0.940 0.921 0.906 0.896 0.888 0.883 0.880 0.878 0.877
G, 0.968 0.944 0.925 0.911 0.900 0.892 0.886 0.882 0.879 0.878
G, 0.962 0.932 0.910 0.892 0.879 0.870 0.863 0.858 0.856 0.855
G, 0.961 0.930 0.906 0.887 0.872 0.861 0.853 0.847 0.843 0.841
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